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Hygsometsy. V 

THE ME4SUREMENT OF ATMOSPHERIC HUMIDITY. 
BY 

SIR NAPIER SHAT, F.R.S. 

So far as meteorological practice is concerned, hygrometry, the measurement of 
water-vapour in the atmosphere, has to be approached from the point of view of the 
daily observer, and therefore any practical process must be capable of repetition 
daily, once, twice or thrice, year in and year out, without fail. The whole subject 
of hygrometry bristles with points of interest for the student of physics who has a 
laboratory at his disposal. Many of the questions involved may be, or become, of 
practical importance in the measurement of vapour ; but the practical determination 
of humidity must be of such a nature that for regular observations it can be entrusted 
to an attendant who has no experience of work in a laboratory, who can follow a 
prescribed routine. He has to make his observations alone, his records reported 
to  and used by people who may never have seen him or the conditions under which 
he is working. If a particular reading seems unreasonable, it  may be rejected, but it 
cannot be corrected. Any symptoms of unreasonableness that appear in a schedule 
of observations of humidity render the whole series unusable on account of general 
discredit. 

Hence the mode of procedure must be to regard the observer as a tool-user, not 
as a tool-minder, still less as a tool-maker. 

For that reason, meteorological practice in the measurement of humidity is 
limited to the wet and dry bulb thermometers, which are used almost everywhere, 
and the hair hygrometer, which is used for the term hour observations in Norway 
and for self-recording hygrometers everywhere. 

There is little difficulty about the use of the wet and dry bulb so long as the 
temperature of both remains above the freezing point. The formula for reduction 
depends to some estent on wind velocity, and in dry climates, like that of Egypt, 
a small error in formula may lead to ridiculous results in practice ; if anything vital 
turned on the results, there is little doubt that a system would be evolved without 
difficulty. But as soon as the freezing point is passed the wet bulb ceases to be an 
effective instrument. The water has no definite freezing point, but freezes a t  all 
sorts of temperatures, and when the water is frozen the capillary action, upon which 
the moistening depends, ceases altogether. The directions for the treatment of the 
wet bulb during frost are palliatives designed to carry on in an occasional emergency. 
Nobody in London could possibly satisfy himself from the evidence a t  his disposal 
whether a reading of humidity during frost entered in a schedule from, say, Yarmouth, 
or on board a ship, represented frozen bulb, super-cooled wet bulb, semi-dry bulb 
or  ,dry bulb, In these circumstances, equality of reading of wet bulb and dry bulb, 
the most probable occurrence in the circumstances, has no effective meaning. 

In explanation of the vagaries of freezing wet bulbs, I refer to  some experiments 
made for me by Sir James Dewar, and noted in the I ‘  Computer’s Handbook,” and 
for some general remarks on the uncertainty of freezing at the freezing point to some 
remarks by Dr. J. bitken in a Paper on “ Frazil-ice ” in the Journal of the Scottish 
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Meteorological Society, Vol. XVIII. Moreover, below thc freczing point the amount 
of water-vapour in the atmosphere and its variations become very small. There is 
very little to  go upon when dealing with absolute measures. I t  is, however, remark- 
able that the shrinkage and slacking of cordage and other results upon animal and 
vegetable fibres are apparently as effective as a t  any other temperature. 

The conclusion a t  which I have arrived is that the wet bulb is useless for tem- 
peratures just below freezing, and should be discarded. Descriptions of the endeavour 
to  find a suitable formula abound in meteorological literature ; but practically the 
subject has not advanced at  all in my time. 

So far as I know, the hair hygrometer is the only instrument which is available 
in those circumstances to  give a reading which can be interpreted. Since the pub- 
lication of Regnault’s classical memoir, physicists ha17e been very shy of it, because 
it offends thefirst principles of a physical laboratory; it does not always repeat the 
same reading in the same physical conditions. I t  suffers from age and misuse and 
other infirmities. But in view of the general failure of more orthodox methods, the 
prejudice of the Physical Laboratory against the instrument is a little overdone and 
unreasonable. I suppose that there is a limit beyond which even the most accurate 
physical experiment does not repeat itself-that is to say, unrecogniscd causes 
supervene. And in a n  atmosphere where rejoicing in the triumphant accuracy of 
one part inahundred thousand is a common experience, it is annoying to be brought 
up by a matter that cannot keep steady within 5 per cent. Yet hair is apparently a 
more definite physical quantity than wet muslin. 

Certain it is that the story which the recording hair-hygrometer tells of the 
variation of the humidity of the atmosphere at any temperature is an extremely 
romantic and interesting one ; and, even when its tabulated figures are erroneous, 
its sequences are valuable evidence of the course of events. 

I have little personal experience of its working. I do not much like covering 
it with a damp cloth or wetting the hairs and calling the reading 95 per cent, ; and 
yet, considering that the atmosphere is always in turbulent motion, and a process of 
mixing is always going on, it is really doubtful whether the actual humidity of a small 
portion of the atmosphere is a physical quantity to  be measured by any instrumelit 
freely exposed to  the passing air. 

Knowing what hair can do, we ought to  find some substance which has corres- 
ponding structure and is less subject to change than a part of a living organism. 
Chemists may know of such substances. There is a transparent stuff called I ‘  celli- 
phane,” which is certainly hygroscopic, and may be more stable than hair ; but, 
if no such substance is available, then, it seems to  me, some competent physicist 
ought t o  live for a while with two (or more) recording hair hygrometers, use one 
(or two) as a current recorder and experiment with the othcrs, not for the purpose of 
showing that it may have serious errors, but to  find out how they may best be reduced 
to  manageable limits. We might then learn that, if the hairs are treated in a specified 
way, they will, or will not, recover their tone, that changing the hairs every week 
and treating them as prescribed, the reading will be accurate to  within 5 per cent. 

The uncertain physical condition of water in the region just below the normal 
freezing point is an obstacle to  the introduction of many other devices for indicating 
the dew-pint by a deposit of moisture. Perhaps thc most definite hygroscopic 
indication is to be obtained from the same process which gave most conclusive 
evidence of the vagueness of the thermometric “ fixed ” points-namely, the formation 
of cloud. I suppose a sample of air in a thermos flask properly supplied with nuclei 
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cannot fail as a11 indcs of I ‘  below the dew-point ” at  any temperature : the flask 
 night easilybe boxed i n  so as tomake an incipient cloudvisible. It is not suitable 
fur self-recording, but as an cye-method I think it must succeed. 

The purpose of this note is to indicate that while investigations of various 
aspects of humidity and condensation from the point of view of an accuracy of one- 
tenth per cent. arc always intercsting, in the practical measurement of humidity below 
thc normal frcczing point a measure which could be relied upon within 5 per cent. 
would be of sonie advantage, and could probably be realised with existing apparatus 
by anyone who has access to air in varying conditions of moisture with a temperature 
below the freezing point, Such conditions occur in  the open air of our observatories ; 
but so iiifrequentIy that continuous observations cannot be arranged. Artificial 
conditions on a large scale are requircd. 


